per day x number of years of smoking], folate reductase, as well as to synthesize
highest versus lowest quartile: OR = nucleotides (purines and thymidylate) for

Pancreatic Cancer Risk and 2.13;95% CI =1.13-3.99P fortrend = DNA synthesis. Cigarette smoke may in-

Nutrition-Related Methyl- .04). Conclusions: These results sup- fluence methyl-group availability by af-
Group Availability Indicators  port the hypothesis that maintaining fecting folate status and interfering with
in Male Smokers adequate folate and pyridoxine status Vitamin B;, metabolism(11,12). Diets

may reduce the risk of pancreatic can- having lower methyl-group availability

i ' ' - (i.e., low intake of folate and methionine
Rachael Z. Stolzenberg-Solomon, €' and confirm the risk previously as-  (i-e., It _
g sociated with cigarette smoking. [J Natl and high alcohol consumption) have been

Demetrius Albanes, F. Javier Nieto, ~_ -~ " 1999;91:535-41] associated with colorectal canc@r3,14)
Terryl J. Hartman, Joseph A. and may likewise contribute to pancreatic
Tangrea, Matti Rgutalahtl, ‘??COb Pancreatic cancer ranks eleventh fo v?ggr?rfru-:—trs]eanpoﬁ/t:Cgé\ilgss%cgarzg% rbd?
Sehlub, Jarmo Virtamo, Philip R. cancer incidence and fifth for cancer mor- 9 ’ !

Taylor tality in the United State€1). Compared etary folate sources, and_pancrez_;\tic cancer
witr? other European nsa'zions eE)nd the(4)suggests that factors influencing meth-

. ) . lation might be related to the develop-
United States, Finland has a reIauveI;%’nent of this cancer. To our knowledge, no

?Zlg)JhPrgr?g[raelgcrifnr:%rr ?:r;?;e?‘%(;:g?ﬁggsttudy has examined this relationship.
) ) We investigated concentrations of se-

often at advanced stages, and pa“e”Fﬁm folate (methyltetrahydrofolate), total

; ) ) with this cancer have a poor survival. . L2 .
fect associated with consumption of e\ yisk factors for pgncreatic cance'OMocysteine, and vitaminBin relation
o pancreatic cancer risk. To increase the

fruits and vegetables—the major di- 5ve peen identified. A -
. . . Age and cigarett - L
etary sources of folate—is suggestive of gmoking are most consistently associateeﬁremsmn around homocysteine’s use as a

a role for factors influencing cellular  ith greater risk(3,4) with a rapid and arker f?jr methylatlon_re_:actlorés, W_E(Eja|30|
methylation reactions; however, to our gypstantial reduction in risk following geahsureh serurchPreaEnme and pyr ;)xa-
knowledge, no study has investigated smoking cessatiols). Coffee consump- f‘p 10Sp 'ateB( , the cdoenzyme orm
this relationship. Whether biochemical  tion and alcohol consumption have bee@,h.vg?]mm 5 6 measgrel mds"erum)ly

indicators of methyl-group availability  studied extensively with conflicting re- - o\ 1ave Deen positively and inversely

are associated with exocrine pancreatic syits, and recent review,6) have con- associated with serum homocysteine, re-

cancer risk was the focus of this inves- cluded that there is insufficient evidence PECtively (15,16). Our purpose was to

tigation. Methods: We conducted a to support either as a causal factor. Ther%etermmel v]yhether l?utrltlonal _ar}:j envi-

d _control studv within the ic eui . onmental factors known to influence
nested case—con y is evidence to support a protective role fol;n Do .

: o . : ethyl-group availability are associated

Alpha-Tocopherol, Beta-Carotene diets high in fruits and vegetables, vitag S development of pancreatic can-
Cancer Prevention Study cohort of min C, and fiber(6), although it remains P P
29133 male Finnish smokers aged 50— unknown whether (or which) specific nu-
69 years. One hundred twenty-six sub- trients in fruits and vegetables may aCg BJECTS AND M ETHODS
jects with incident exocrine pancreatic count for the association.
cancer were matched by date of base- The methyl donors, methionine and e conducted a nested case—control study within
line blood draw (+30 days), study cen- choline, and the methyl cofactors, folatahe Alpha-Tocopherol, Beta-Carotene Cancer Pre-
ter, age (x5 years), trial intervention and vitamin B,, are nutritional compo-
group, and completion of dietary his- nents involved in methylation and synthe-
tory to 247 control subjects, who were sis of DNA. Imbalances in DNA meth_y_l— Affiliations of authors:R. Z. Stolzenberg-
alive and free from cancer at the time ation may affect chromosome stabilitysgiomon. cancer Prevention Studies Branch, Divi-
the case subjects were diagnosed. Oddsand gene expression throughout carcinGson of Clinical Sciences, National Cancer Institute,
ratios (ORs) and 95% confidence inter- genesig7). DNA hypomethylation or hy- Bethesda, MD, and Department of Epidemiology,
vals (Cls) were determined by use of permethylation may increase the susceghe Johns Hopkins University School of Hygiene
conditional logistic regression. Re- tibility of genes to mutationg7,8). In and Public Health, Baltimore, MD; D. Albanes, T. J.
ported P values are two-tailed.Results: addition, hypomethylation may increasd'@tman. J. A. Tangrea, P. R. Taylor, Cancer Pre-

. . ention Studies Branch, Division of Clinical Sci-
Serum folate and pyridoxal-5'-phos- oncogene expression, and hypermethyg—

t X g nces, National Cancer Institute; F. J. Nieto, Depart-
phate (PLP) concentrations showed ation may silence tumor suppressor genN@ent of Epidemiology, The Johns Hopkins
statistically significant inverse dose— expression(9,10). Methionine, in the university School of Hygiene and Public Health; M.
response relationships with pancreatic form S-adenosyl methionine, is the prin-Rautalahti, J. Virtamo, National Public Health Insti-
cancer risk, with the highest serum ter-  cipal methyl donor for methylation reac-tute, Helsinki, Finland; J. Sehlub, U.S. Department
tiles having approximately half the risk  tions. Although methionine is an essentiaf! Agriculture, Jean Mayer U.S. Department of Ag-
of the lowest (folate: OR = 0.45; 95% amino acid required in the diet of humans[;c‘f”“r? Human Nutrition Research Center at Tufts
. . niversity, Boston.
Cl = 0.24-0.82;P for trend = .009, and a substantial proportion can be regener- o espondence toRachael Z. Stolzenberg-
PLP: OR =0.48; 95% CI = 0.26-0.88P ated from homocysteine via methionineseiomon, Ph.D., M.P.H., R.D., National Institutes of
for trend = .02). An increased pancre- synthase with methyltetrahydrofolate andHealth, 6006 Executive Blvd., Suite 321, Bethesda,
atic cancer risk was also observed with vitamin B,, as cofactors. Methylenetetra-MD 20892-7058 (e-mail: RS221Z@NIH.GOV).
greater exposure to cigarettes (e.g., hydrofolate is used to synthesize methyl- See‘Notes” following “References.”

pack-years [number of packs smoked tetrahydrofolate via methylenetetrahydro© Oxford University Press

Background: Few risk factors for pan-

creatic cancer have been identified,
with age and cigarette smoking being
the most consistent. The protective ef-
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vention (ATBC) Study cohort. The ATBC Study ent from that of the exocrine tumors. There were 13@&nalyzed both as continuous and as categorical vari-
was a double-blind, placebo-controlletix 2facto- confirmed exocrine pancreatic cancer cases. ables. Variables were categorized on the basis of the
rial design, primary prevention trial that tested Control subjects were selected from participantglistribution of the controls for the conditional logis-
whether supplementation with-tocopherol or in the ATBC Study who were alive at the time thetic regression analyses. Trends of the categorical
B-carotene could reduce the incidence of cancerase subject was diagnosed and free from canceariables were tested by calculating a score variable
among male smokerd 7). During the period from except nonmelanoma skin cancer as of Decembéased on the median values of each category. Cat-
1985 through 1988, a total of 29 133 eligible men in1995. Two control subjects were matched to eackgories for the smoking inhalation variable were de-
southwestern Finland who were aged 50-69 yearsase subject bya) age (x5 years)(b) baseline fined as never/seldom, often, and always. Pack-
and who smoked at least five cigarettes per day wenmn@onth of blood draw, to control for seasonal varia-years were estimated from baseline smoking history
randomly assigned to receive either active suppletion of nutrient intake and sample degradati¢c), by multiplying the number of years of smoking by
ments or placebo. Men were excluded from thecompletion of dietary history questionnaire, to maxi-the average number of packs smoked per day. Smok-
study if they had a history of cancer other than nonmize power for the dietary analysi&) study center, ing cessation was defined as having quit smoking for
melanoma cancer of the skin or carcinomasitu, to control for potential differences in blood han-three or more consecutive follow-up visits during
severe angina upon exertion, chronic renal insuffidling; and(e) intervention group assignment. the trial or for 1 year.
ciency, liver cirrhosis, chronic alcoholism, antico- Of the 130 case subjects with pancreatic cancer Spearman correlations were performed to assess
agulant therapy, other medical problems that mighand 260 matched control subjects, 126 case subjeatsrrespondence between the study variables. Linear
have limited long-term participation, or current useand 247 control subjects were used for the statisticabgression models for serum folate, vitamin,B
of supplements containing vitamin E (>20 mg/day),analyses of the serum analytes. The remaining indPLP, and total homocysteine were created to deter-
vitamin A (>20 000 IU/day), o3-carotene (>6 mg/ viduals were excluded because of cracked vials anghine which other factors, including dietary nutrient
day). serum loss during the laboratory analyses. One hurestimates, were predictive of the serum markers.
The study was approved by the institutional re-dred sixteen of the case subjects and their matchedatural log-transformed serum nutrients were used
view boards of both the National Public Health In-control subjects had complete dietary histories.  as dependent variables in the linear regression mod-
stitute in Finland and the U.S. National Cancer In- . els, if they were not normally distributed. Dietary
stitute. All study participants provided written Assessment of Serum Biomarkers nutrients that were highly correlated (statistically)
informed consent prior to the study'’s initiation. De- Fasting serum samples were collected at th@ith energy (data not shown) were energy adjusted
tails of the study rationale, design, and methods hav@TBC Study participants’ prerandomization base-y use of the residual method described by Willett

been described previous(i7). line visit, and samples were stored in the dark aand Stampfer(26). Log-transformed dietary nutri-

. . . —70°C. The stored serum samples from the case arghts were used for energy adjustment for those nu-
Baselme Characteristics, Smoking, control subjects were sent on dry ice to the Vitamirgients that were not normally distributed.
and Dietary Factors Metabolism Laboratory at the Jean Mayer U.S. De- Because many of the variables had skewed distri-

The study participants completed questionnaireglerrt]rt::?r:t El)_fu':gTf;t::;tHugoasrzoﬁuazo?ofsjﬁggrbuzpns’ the characterlznss of thefz (r:]ase and contrc_)l

on general background characteristics—medicadetermination ¥ T \SAL;.IJECIS werekcomparef y use of t enonpglrametgc

smoking, and dietary histories during their baseline ) ) ficoxon rank sum test for cqntmuous vanaples an
Serum samples from the case and control subjecthi-squared tests for proportions. Odds ratios (ORs)

visit. Diet was assessed with the use of a self- . : . .
were analyzed for total concentrations of homocysand 95% confidence intervals (Cls) were determined

administered dietary history questionnaire that de;: . Lo L . L . A
femined h fsquency of consmpion and £, 15TV B ot PP s st o by use of condionl ot raresion et
portion size of 276 food items during the past year, , , . Y - Y € models were develope geparate)_l or each se-
) : f high-performance liquid chromatography with rum nutrient and smoking variable by individually
a color picture booklet was used as a guide for foo . : S ) .
. . ) . . uorescence detection done as described by Arakidding covariates to the model. Variables were con-
items and portion siz€17). The questionnaire was o ) . . .
. " and Sako(22). Serum folate and vitamin B (co-  sidered confounders if they were associated with
linked to a food-composition database of the Na_balamin) concentrations were determined by radiopoth the di d the risk f d if th
tional Public Health Institute in Finland. The ques- ssav with a commercial kit from Bio-Rad L};bora- gt ¢ g hlsegske an_ ¢ ebrlslooa;lctor an 'Etff ey
tionnaire was developed for the ATBC Study, and;rieg (Richmond, CA), and PLP concentration wa;n ac?_?e ,t e ns ;stlma_te dyb h° ordr;_qre. f.ect
its correlation coefficients for validity and reliability determined b tr;e wéosine decarboxvlase apoe ° ||'cat|on was 'eterrr]nlne yt. ela |gono_ Ibrll
ranged from .40 to .80 and from .56 to .88, respec- y . rooxylase apoeneraction tgrm§ using the categorica tr(.er\ variables
. I ) ; zyme method as described by Shin-Buehring et ato the multivariable models and by stratification. At-
tively (14,18). The diet history questionnaire was . : . . ) ;
0 - (23). Measurement of serum creatinine levels wasributable risk was estimated with Levin’s formula
completed by 93% of the ATBC Study participants erformed by use of the standard mett{ad) 27) by d L he OR f fol d
(17) and by 92% of the pancreatic cancer case sut? . Y - @7) Y etermining the or serum qate an
Specimens from the case and control subjectPLP with the most adequate serum tertile as the

Jects. were handled in the same standard manner. Theference category.
Case Ascertainment and Control laboratories were blinded to case and control status. All statistical analyses were performed with the
Selection Matched serum case and control samples were anase of Statistical Analytic Systems (SAS) software

lyzed consecutively as triplets. Blinded replicate(SAS Institute, Inc., Cary, NC), and statistical tests

Cases were ascertained by linkage of the cohouality-control phantom samples from male volun-were two-tailed. Because case subjects and control
participants to the Finnish Cancer Registry andeers aged 50-69 years were placed toward the beubjects were matched, the median values, propor-
death certificates. The Finnish Cancer Registry proginning and the end of each batch. The qualityions, and risk estimates (including those labeled as
vides almost 100% case ascertainment in Finlangontrol sample size was approximately 10% of eaclrude) should be interpreted as adjusted for the
(17,19,20).All relevant medical records were col- patch and the study sample. Intra-batch and intematching factors.
lected by ATBC Study personnel for reported inci-batch coefficients of variation percent, respectively,
dent pancreatic cancer cases and were reviewed ijrere 10.1 and 13.8 for serum total homocysteineREg | TS
dependently by two study oncology expe(ts’). 11.7 and 13.5 for serum PLP, 6.8 and 9.0 for serum

Histopathologic diagnosis was assigned centrally byolate, 7.6 and 11.3 for serum vitamin 8 and 4.3 .
the study pathology review group after examiningand 4.6 for serum creatinine. Selected characteristics of the case

pathology and cytology specime(i7). Only cases  Baseline serum-tocopherol g-carotene, and ret- SUbjects and control subjects are shown in
confirmed by the study physicians as incident priinol concentrations were determined in all partici-Table 1. Compared with control subjects,
mary malignant neoplasms of the exocrine pancregsants during the trial by high-performance liquidpancreatic cancer case subjects had statis-
(International Classification of Diseases, ninth revi-chromatography(17,25) and used to evaluate for tically significantly lower levels of serum

i ICD-9] (21) code 157), during th iod f i i .
sion [ 1(21) code 157), during the period from confounding of the main effects. and dietary folateR = .03 andP = .03,

January 1985 through December 1995, were use .. .

for the analysis. The follow-up time ranged from 7gtatlstlcal Analyses respectively), lower levels of serum PLP
to 10 years. Islet cell carcinomas (ICD-9 code 157.4) Analyses were performed separately for nutrientéP = .01), and greater pack-years of
were excluded because their etiology may be differfrom serum, foods, and supplements. Nutrients wersmoking P = .03).
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Table 1. Characteristics of case subjects and matched control subjects* timate for serum folate and PLP (lowest
tertile versus highest tertile) is 0.29 and

' | subj :
Case subjects Control subjects 0.26, respectlvely.
No. of subjects 126 247 Table 3 presents ORs for pancreatic
Age at case subject’s diagnosis, y 64 (60-67) 63 (60-67) cancer according to smoking history.
Body mass indext 25.7 (23.5-28.2) 25.7 (23.6-28.2)Number of cigarettes smoked daily, years
Smoking history smoked, and pack-years were positively
Total cigarettes smoked/day 20 (15-25) 20 (13-25) associated with risk, with the highest
Years of smoking 40 (34-44) 38(32-43)  quartile of each showing an OR close to
Pack-yearst 38.5 (26-50) 35 (22-45) 2.0 d with K howi .
Age started smoking, y 19 (16-21) 19 (17-21) -V and with pack-years showing a sig-
Smoke inhalation nificant trend across quartiles. These risk
(N)‘]ft"er/se'dom 31220/% 39%;/0 estimates were not altered by including
Alwe;ys 5o oty any of the serum nutrients or other poten-
Dietary intake tial confounders in the models. Age at
Energy, kcal 2599 (2192-3024) 2668 (2255-3211)vhich smoking started and degree of
Protein, g 97 (79-112) 98 (82-116)  smoke inhalation (data not shown for the
Folate,ug 303 (239-360) 322(265-385) |atter) were not related to risk. Sixteen
Vitamin By, ug 9.6 (7.4-12.6) 9.3(7.4-12.4) : ) 0
Vitamin Bg, mg 2.4(1.9-2.8) 2.4(2.0-2.9) pancreatlc_case subject_s (13/9) and 46
Vitamin C, mg 80 (59-107) 89 (62-116)  control subjects (19%) quit smoking for at
Supplement intake§ least 1 year during the trial, and the group
Folic acid 6% 5% had a nonsignificant lower OR for pan-
i i 0, 0, .
yhamin Bz 12;; o creatic cancer (OR= 0.64; 95% Cl =
Serum ) 0.35-1.17).
u . .
Folate, ng/mL 3.55 (2.86-4.27) 3.73(3.03-4.95) We also evaluated the interaction be-
Vitamin B,,, pg/mL 484 (390-612) 497 (393-593) tween smoking exposure and nutritional
got{ac; hngcyﬁtein?r;oI/L " 1269% 8-132—%3-3)2) 13}-10; ((2923;_14355%) status (Table 4). There were statistically
yridoxal-3-phosphatd,nmo . .2-39. . . . i ; ; ;
Creatinine,pmol/L 96.4 (88.4-105.2) 99.01 (91_1_106_1)S|gn|f|cant interactions between smoking

dose and levels of serum vitamin Sand
*All characteristics except age at diagnosis are baseline. Values in colsmmedians (inter-quartile PLP, respectively, although the dose-

ranges) or proportions expressed in percents. response relationships for these serum nu-
tBody mass index= weight in kg/height in . trients within smoking strata are not con-
tPack-years= number of packs smoked per day x number of years of smoking. sistent. Within each serum nutrient tertile,

§Nutrient range of supplements among case subjects and control subjects who took supplements, "8S8FCwWho smoked more cigarettes daily
tively: folic acid, 14—100p.g and 100—40Qug; vitamin B,,, 0.14-800u.g and 1-400.g; and vitamin B, were genera”y at increased risk for pan-

0.29-800 mg and 1-400 mg. . .
[The coenzyme form of vitamin Bmeasured in serum. creatic Cancer_ relative t_O thQSG who
smoked fewer cigarettes daily, with the ex-
ception of those in the highest serum vi-
tamin B, tertile for whom a statistically
Approximately 90% of our case sub-the baseline serum biomarkers categasignificant increased OR was observed
jects and control subjects had less tharized as tertiles. Pancreatic cancer was iramong those who smoked the least. PLP
adequate folate status (i.e., <6 ng/mL)yersely associated with both serum folatshowed a stronger and statistically signifi-
with 25% having concentrations consid-and PLP, with the highest nutrient tertilescant inverse association among men with
ered in the range of deficiency (i.e., <3being at half the risk compared with thethe most adequate status (highest tertile)
ng/mL) (28). Fifty percent of the study lowest tertiles, and both nutrients demonand who smoked the least. Smoking ces-
sample had less than adequate pyridoxirgrated statistically significant trends. Thesation did not interact with the methyl-
status (i.e., <30 nmol/L{(29,30).With the addition of serum vitamin B, serum to- group-related serum nutrients (data not
exception of three control subjects, outal homocysteine, and number of cigashown).
entire sample had vitamin,Bconcentra- rettes smoked daily to the univariate Finally, our study results were not al-
tions within the normal range (i.e., >200model of serum folate strengthened fotered by the addition of baseline serum
pag/mL) (28). Approximately 15% of our late’s inverse association. Serum folate atx-tocopherol 8-carotene or retinol, or di-
case subjects and control subjects hamnuated the association between serugtary vitamin C to our multivariable mod-
mild homocysteinemia (i.e., >vmol/L) PLP and pancreatic cancer. After we conels for the serum folate, PLP, vitamin B
(31). Serum folate and PLP were signifi-trolled for serum folate, the highest tertileor total homocysteine. In addition, there
cantly associated with their respective enef serum total homocysteine and serumwvas no statistically significant interaction
ergy-adjusted dietary intake and supplevitamin B,, suggested nonsignificant in-with these baseline variables or with
mental intake, whereas serum vitamip,B verse and positive associations, respestudy intervention groupe{-tocopherol or
was associated with supplemental vitamitively, with pancreatic cancer. ExclusionB-carotene) with the methyl-group-
B,, only (data not shown). of case subjects diagnosed early duringelated serum nutrients. All the variables
Table 2 presents results from the mulfollow-up (i.e., in the first 1, 2, 3, or even used for the conditional logistic regres-
tivariable conditional logistic regression4 years; data not shown) did not changsion models met the assumptions for pro-
models predicting cancer risk by use othe risk estimates. The attributable risk esportional hazards.
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Table 2.Crude* and adjusted odds ratios (ORs) and 95% confidence intervals (Cls) of pancreatic cancer by baseline serum nutrient
tertiles among 126 case subjects and 247 matched control subjects

Serum nutrient tertile

Serum nutrient 1 2 3 P for trendt
Folatet

No. of case subjects/No. of control subjects 54/84 43/81 29/82

Crude OR (95% CI) 1.00 (referent) 0.79 (0.47-1.33) 0.53 (0.30-0.93) .03

Adjusted OR (95% ClI) 1.00 (referent) 0.74 (0.43-1.27) 0.45 (0.24-0.82) .009
Vitamin B,,8

No. of case subjects/No. of control subjects 44/83 36/82 46/82

Crude OR (95% ClI) 1.00 (referent) 0.79 (0.46-1.36) 1.08 (0.64-1.81) 78

Adjusted OR (95% ClI) 1.00 (referent) 0.89 (0.51-1.55) 1.26 (0.73-2.17) 42
Total homocysteine

No. of case subjects/No. of control subjects 43/84 46/81 37/82

Crude OR (95% CI) 1.00 (referent) 1.04 (0.61-1.76) 0.87 (0.49-1.53) .58

Adjusted OR (95% ClI) 1.00 (referent) 0.95 (0.55-1.63) 0.65 (0.36-1.18) 14
PLPY

No. of case subjects/No. of control subjects 61/83 36/82 29/82

Crude OR (95% CI) 1.00 (referent) 0.54 (0.31-0.95) 0.43 (0.24-0.77) .006

Adjusted OR (95% ClI) 1.00 (referent) 0.61 (0.34-1.07) 0.48 (0.26-0.88) .02

*Crude ORs were adjusted for the matching variables (age, month of blood draw, completion of dietary questionnaire, study center, and intery@ntion g

tTwo-sidedP values.

FSerum folate was also adjusted for serum vitamjg Berum total homocysteine, and number of cigarettes smoked daily. Serum folate tert@&s33 (g/mL),
2 (>3.33 ng/mL and<4.45 ng/mL), and 3 (>4.45 ng/mL).

§Serum vitamin B, was also adjusted for serum folate. Serum vitamjp @rtiles: 1 427 pg/mL), 2 (>427 pg/mL ane550 pg/mL), and 3 (>550 pg/mL).

|[Serum total homocysteine was also adjusted for serum folate. Serum total homocysteine teri®299%mol/L), 2 (>9.99umol/L and<12.51umol/L), and

3 (>12.51pmol/L).

TPLP = pyridoxal-5-phosphate. Serum PLP was also adjusted for serum folate. Serum PLP tert#&8.34 nmol/L), 2 (>26.34 nmol/L an€39.46 nmol/L),

and 3 (>39.46 nmol/L).

Table 3.0dds ratios (ORs) and 95% confidence intervals (Cls) of pancreatic cancer by quartile of smoking habits among 126 case
subjects and 247 control subjects

Smoking variable quartile

2

3

P for trend*

Cigarettes smoked dailyt
No. of case subjects/No
OR (95% CI)

Smoke-yearst
No. of case subjects/No
OR (95% ClI)

Pack-years§
No. of case subjects/No
OR (95% ClI)

Age started smokirjg
No. of case subjects/No
OR (95% ClI)

. of control subjects

. of control subjects

. of control subjects

. of control subjects

25/63
1.00 (referent)

27165
1.00 (referent)

24/66
1.00 (referent)

40/71
1.00 (referent)

56/113
1.35 (0.75-2.43)

29/59
1.12 (0.58-2.15)

33/60
1.59 (0.85-2.99)

26/56
0.81 (0.43-1.51)

18/33
1.43 (0.68-3.02)

34/70
1.30 (0.66-2.56)

27167
1.15 (0.60-2.20)

35/70
0.89 (0.51-1.57)

27/38
1.90 (0.91-3.95)

36/53
2.07 (0.95-4.50)

42/54
2.13 (1.13-3.99)

25/50
0.92 (0.48-1.75)

.10

.09

.04

.80

*Two-sided P values.

tCigarettes smoked daily quartiles: £13), 2 (>13 and<20), 3 (>20 and<25), and 4 (>25).

FSmoke-years= number of years of smoking; smoke-year quartiles<BZ), 2 (>32 and<38), 3 (>38 and<43), and 4 (>43).
§Pack-years= number of packs smoked per day x number of years of smoking; pack-year quart#e82), 2 (>22 and<35), 3 (>35 and<45), and 4 (>45).
|lAge started smoking quartiles: £(7 years), 2 (>17 years ardl9 years), 3 (>19 years and21 years), and 4 (>21 years).

DiscussioN

risk reductions for those in the highesigreater number of cases providing suffi-

tertiles. These findings were independentient power to detect smaller differences
To our knowledge, this study is theof other risk factors, including smokingin risk factors, compared with most pre-

first to examine and observe statisticallyhistory and diet. In addition, there werevious studies(4). We eliminated recall

significant, inverse associations betweestatistically significant interactions be-bias by obtaining the biochemical sample
serum concentrations of folate and PLRween smoking dose and both serum viand other risk factor exposure data at
and pancreatic cancer risk. The inverseamin B, and serum PLP, respectively. baseline, before pancreatic cancer was di-
dose-response relationships observed for An important strength of our study liesagnosed. Our study also has internal con-
serum folate and PLP showed twofoldn its large prospective nature, with asistency; both the case and the control
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Table 4.0dds ratios (ORs) and 95% confidence intervals (Cls) of pancreatic cancer by baseline serum nutrient tertile and number of

cigarettes smoked daily among 126 case subjects and 247 matched control subjects

Serum nutrient tertile

Serum nutrient No. of cigarettes smoked per day 1 2 3 P for trend*
Folatet <20
No. of case subjects/No. of control subjects 38/58 26/64 17/54
OR (95% CI) 1.00 (referent) 0.58 (0.30-1.10) 0.44 (0.21-0.93) 71
>20
No. of case subjects/No. of control subjects 16/26 17/17 12/28
OR (95% CI) 0.95 (0.42-2.13) 1.32 (0.56-3.07) 0.54 (0.24-1.24)
Vitamin Bt <20
No. of case subjects/No. of control subjects 28/66 18/62 35/48
OR (95% CI) 1.00 (referent) 0.69 (0.34-1.37) 2.23(1.14-4.36) .005
>20
No. of case subjects/No. of control subjects 16/17 18/20 11/34
OR (95% CI) 2.01 (0.90-4.48) 2.33(1.00-5.45) 0.80 (0.34-1.92)
Total homocysteine§ <20
No. of case subjects/No. of control subjects 24/59 34/58 23/59
OR (95% CI) 1.00 (referent) 1.28 (0.65-2.51) 0.70 (0.33-1.48) 74
>20
No. of case subjects/No. of control subjects 19/25 12/23 14/23
OR (95% CI) 2.13(0.97-4.70) 1.10 (0.47-2.52) 1.09 (0.47-2.52)
PLRA| <20
No. of case subjects/No. of control subjects 44/59 23/55 14/62
OR (95% CI) 1.00 (referent) 0.53(0.27-1.02) 0.30 (0.14-0.64) .02

>20

No. of case subjects/No.

OR (95% Cl)

of control subjects

17/24
0.81 (0.37-1.75)

13/27
0.66 (0.30—1.49)

15/20
0.96 (0.41-2.24)

*Two-sided P values.

TSerum folate was adjusted for serum vitamip, Bnd total homocysteine. Serum folate tertiles<i3(33 ng/mL), 2 (>3.33 ng/mL ane&4.45 ng/mL), and 3
(>4.45 ng/mL).

FSerum vitamin B, was adjusted for serum folate. Serum vitamip, Bertiles: 1 £427 pg/mL), 2 (>427 pg/mL an&550 pg/mL), and 3 (>550 pg/mL).

§Serum total homocysteine was adjusted for serum folate. Serum total homocysteine ter899p(mol/L), 2 (>9.99pumol/L and<12.51pmol/L), and 3
(>12.51pmol/L).

IPLP = pyridoxal-5-phosphate. Serum PLP was adjusted for serum folate. Serum PLP tert#e2684 nmol/L), 2 (>26.34 nmol/L ang€39.46 nmol/L), and
3 (>39.46 nmol/L).

subjects were derived from the samenay prevent hypermethylation by less remidylate, misincorporation of uracil for
study cohort, thus eliminating control se-generation of methionine for methylationthymine in DNA, and a greater potential
lection bias. Consistent with other studieseactions and possibly account for our obfor chromosome strand brea§®4) and/or
and despite not having a nonsmokingerved risk reduction with higher total ho-impaired DNA excision repai(35). PLP
comparison group, our study demonimocysteine concentrations (after controlis required as a coenzyme for the synthe-
strated increasing risk and a positivding for folate status). Hypermethylationsis of methylenetetrahydrofolate. Studies
dose—response relationship for pancreatmould lead to decreased expression of tuhat have demonstrated a protective asso-
cancer with greater smoking. Our meammor suppressor genes and increased susation between the homozygous reces-
surement of serum nutrient concentrationseptibility to carcinogenér), possibly ac- sive thermolabile methylenetetrahydrofo-
better reflects absorption and biologicallycounting for the positive association withlate reductase genotype, C (cytosine)r
active dose than self-reported intake. Fiserum vitamin B, and its interaction with (thymine) substitution at base pair 677
nally, the case subjects had statisticallgmoking dose. Cigarette smoke-relate@alanine to valine) and colon cancer
lower baseline dietary folate intake tharcyanide, organic nitrites, and nitrous ox{36,37)and our observed reduced risk as-
the control subjects, which is in accor-ide may inactivate vitamin B, and me- sociated with more adequate folate and
dance with our serum folate results. thionine synthase and thus interfere withiPLP status may support this mechanism.
Mechanisms by which the methyl-vitamin B;,’s function (12,33). Heavy Deficiencies in both folate and pyri-
group-related serum nutrients may influsmokers have higher serum concentradoxine have been shown to impair pan-
ence carcinogenesis remain speculativéions of the coenzymatically inactive formcreatic exocrine function in raf88-42).
DNA hypomethylation, through epige-of vitamin B,,, cyanocobalamin(33), This situation could theoretically lead to
netic, nongenotoxic even{®), could re- which could result in decreased remethylincomplete digestion of food, greater duo-
sult from folate inadequacy. Thus far,ation of methionine, decreased levels oflenal cholecystokinin release, and stimu-
only transcriptional silencing of the wild- Sadenosyl methionine, and less DNAation of pancreatic enzyme production,
type pl6 tumor suppressor gene througmethylation in tissues. hypertrophy, and hyperplasia, thereby in-
regional hypermethylation of the gene’s Alternatively, inadequate folate orcreasing the susceptibility of the pancreas
5'-CpG islands has been observed ipyridoxine status could result in less methyto carcinogens. Chronic hypercholecysto-
14%-21% of pancreatic tumor&2). lenetetrahydrofolate available for methylkininemia has been shown to enhance
Higher total homocysteine concentrationsition of deoxyuridylate to deoxythy- pancreatic carcinogenesis in animgl8—
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46). In addition, animals treated with anconfirmed in other smoking populations  cer statistics review, 1973-1994: tables and
inhibitor of cellular methylation reactions, and in nonsmokers. graphs. Bethesda (MD): National Institutes of
ethionine, develop acute hemorrhagic Other limitations of our study are that ~ Health, National Cancer Institute; 1997 Report

- L _ No.: DHHS Publ No. (NIH)97-2789.
pancreatitif47—49)as a consequence ofmore adequate folate and pyridoxine sta (2) Fernandez E, La Vecchia C, Porta M, Negri E,

autolytic destruction of the pancre¢s0), tus may reﬂe_Ct a healthier lifestyle or Lucchini F, Levi F. Trends in pancreatic cancer

and chronic pancreatitis has been assodiealth status in general and the adjust-  oraiity in Europe, 1955-1989. Int J Cancer

ated with increased pancreatic cancer riskient for serum folate in the other serum  1994;57:786-92.

(51-54). nutrient models. There could be other un-(3) Anderson KE, Potter JD, Mack TM. Pancreatic
Our having studied male Finnish measured correlates to more adequate nu- cancer. In: Scho_ttenfgld D, Fraumeni JF.Jr, edi-

smokers raises the question of genera"ﬁ[ltlonal status not controlled for in our tors. Cancer epidemiology and preventioff! 2

. . nalysis. In addition, poorer folate or pyr- ed. New York (NY): Oxford University Press;
ability to other populations. Smokers are @&naly p py 1996. p. 725-71.

high-risk population for pancreatic Cance'*d.O).(me status COUId.be a marker for sub- (4) Howe GR, Burch JD. Nutrition and pancreatic
because cigarette smoke contains chenflinical disease, particularly as the latency” ™ | -."c4ncer Causes Controls 1996:7:69-82.
cals that are likely pancreatic carcinogean pancreanc_ cancer is unknown and it is (5) Harvard report on cancer prevention. Causes of
(3). Nitrosamines produced during ciga_mOSt often diagnosed at adVa.nC.ed stages; human cancer. Smoking. Cancer Causes Con-
rette smoking can induce G (guanosine) h_ovx_/ever, our observgtlon of similar asso-  trol 1996;7 Suppl 1:S5-6. _ S

A (adenosine) transitions at the Secon&|at|ons after excluding early case sub-(6) World cancer research fund in association with

. . L i i i the American Institute for Cancer Research.
nucleotide of a GG pair, which is the mos#€CtS argues against this. The potential " . :
. . ) f d ff f oth d Food, nutrition and the prevention of cancer: a
common alteration found in pancreaticconfounding efiect of other unmeasure : - :
K tationgS5). Th health status-related risk factors needs 9'0P prospective. Washington (DC): Ameri-
cancer K-ras mutation . e over- . . . . can Institute for Cancer Research; 1997. p.
whelming effect of the smoke-related car—further fmIV?St'gat'O% F_mtally, latltr:jougPh 176-97.
cinogens to which heavy smokers are exgg::jm Vﬁ:ﬂﬁnmay to?almhi:;%? zteinwé (7) Baylin SB, Herman JG, Graff JR, Vertino PM,
posed likely explains the lack of a dose= ‘ B2 Yy ; Issa JP. Alterations in DNA methylatlon: afun-
response relationshio observed Withand PLP in the causal pathways for dis- damental aspect of neoplasia. Adv Cancer Res
P P ease, adjustment for serum folate in these 1998:72:141-96.

serum PLP among those with greaterrnodels (or for serum total homocysteine (8) Chen RZ, Pettersson U, Beard C, Jackson-

ﬁ?velél?egr drolzg (bTeaeanea?r'i tilj?:(;ettctne ;gr;])/()kggnd vitamin B, in the folate model) Grusby L, Jaenisch R. DNA hypomethylation _
’ ° Peither strengthened or slightly attenuated ?;;_Z;f;;evatw mutation rates. Nature 1998;

ncreati ncer hs in m L .
pancreatic cancer deaths aEEG).’ the crude associations, suggesting ;
such that other exposures must contribut o (9) Counts JL, Goodman JI. Hypomethylation of
to the development of the disease ﬁ‘lde_pendent aS_SOC|at|On5_ and perhaps” pna: a nongenotoxic mechanism involved in

The fact that the maiority of our.stud multiple mechanisms by which these fac-  tumor promotion. Toxicol Lett 1995;82-3:

le had | h Jd y te folat Yiars may be contributing to our observed  663-72.

samp e_ aad less 5 an adequate rolate a%_ sociations. (10) Jones PA. DNA methylation errors and cancer.
pyridoxine status is likely relevant to our In conclusion, we found statistically Cancer Res 1996:56:24637.

findings. Lower folate status has been as-. ... : 11) Feinman L, Lieber CS. Nutrition and diet in
. e significant reduced risks for cancer of the( S . : ) .
sociated with risk for neural tube defects 9 alcoholism. In: Shils M, Olson J, Shike M, edi-

tors. Modern nutrition in health and diseas®. 8
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